Previous research has shown that continuous rating scales can be used to assess phonetic detail in children's productions, and could potentially be used to detect covert contrasts. Two experiments examined whether continuous rating scales have the additional benefit of being less susceptible to task-related biasing than categorical phonetic transcriptions. In both experiments, judgments of children's productions of /s/ and /θ/ were interleaved with two types of rating tasks designed to induce bias: continuous judgments of a parameter whose variation is itself relatively more continuous (gender typicality of their speech) in one biasing condition, and categorical judgments of a parameter that is relatively less-continuous (the vowel they produced) in the other biasing condition. One experiment elicited continuous judgments of /s/ and /θ/ productions, while the other elicited categorical judgments. The results of Experiment 1 showed that the influence of acoustic characteristics on continuous judgments of /s/ and /θ/ was stable across biasing conditions. In contrast, the results of Experiment 2 showed that the influence of acoustic characteristics on categorical judgments of /s/ and /θ/ differed systematically across biasing conditions. These results suggest that continuous judgments are psychometrically superior to categorical judgments, as they are more resistant to task-related bias.
peers. While acoustic measures such as those used in the Todd et al. and Revai studies are difficult to obtain and interpret, continuous ratings scales are relative quick and easy to administer. Indeed, Bernstein, Todd, and Edwards (2013) used a continuous rating scale to evaluate adult judgments of the stimuli from the Todd et al. (2011) paper and found that adults rated /s/ productions by children with cochlear implants as less /s/-like than productions by a normal hearing comparison group. This was true despite the fact that only productions transcribed to be correct were examined. Similar findings are reported by Strombergsson et al. (2015) , who showed that the /t/ productions of children with speech sound disorders are perceived as less /t/-like than those of their peers with typical speech development, even though these children's /t/ productions were transcribed as accurate. Thus, a growing body of research suggests that continuous rating scales provide results that are reliable and may yield additional information about children's productions that is similar to what can be gleaned from acoustic analysis.
The current investigation follows up on our earlier studies of ratings of children's speech by examining their susceptibility to bias. Speech perception is subject to myriad biases. The same sound can be labeled differently depending on a variety of social, pragmatic, and linguistic factors. As argued by Kent (1996) , these biases almost certainly affect the way that speech is perceived in clinical assessments. Indeed, the fact that the speech of individuals with communication impairments is atypical suggests that its perception might be subject to even stronger biases than the perception of typical speech, as listeners generally have less experience perceiving disordered speech, and hence have weaker expectations of how it should sound. Kent provides no prescription to remediate these biases, other than to develop conscious awareness of them in hopes that awareness might mitigate their influence on assessments. Another possibility is that different types of ratings are more or less susceptible to bias. In this paper, we explore the possibility that continuous ratings are less easily biased than are categorical phonetic transcriptions. Our hypothesis is based on the widely acknowledged principle that speech perception involves sensory perception (i.e., the uptake of continuous acoustic and visual information) and categorization (i.e., parsing phonetic events as members of a small number of linguistic units, such as phonemes). The categorization process necessarily abstracts away from the variation that is present in the signal. The phonetic characteristics of different tokens of a unit (i.e., tokens of the phoneme /s/) vary considerably based on numerous factors, such as phonetic context and speaker identity. We reason that drawing people's attention to the different sources of variation in the signal will affect categorizations. For example, in a task devised to draw attention to speaker-specific variation in fricatives, a decision to categorize a given token as /s/ or /θ/ might be more strongly affected by a listener's knowledge of how these sounds vary from talker to talker. In a task devised to draw attention to vowel context, a decision to categorize the very same token as /s/ or /θ/ might be more strongly affected by a listener's knowledge of how these sounds vary across vowel contexts. The continuous rating task does not require the same degree of abstraction as the categorization task; hence, we predict that continuous ratings (for example, of the degree to which a given sound resembles /s/ or /θ/) will not differ across conditions that draw attention to different sources of variation.
This paper reports on a set of experiments designed to test this hypothesis. These experiments interleave continuous judgments of the extent to which tokens resemble prototypical /s/ or /θ/ (Experiment 1) or categorical judgments of whether a given token is an instance of /s/ or /θ/ (Experiment 2) with two other types of judgments. In one condition, judgments of /s/ and /θ/ are interleaved with categorical judgments of the vowel the child produced. In the other condition, judgments of /s/ and /θ/ are interleaved with continuous judgments of the gender typicality of the child's voice. We predict that the categorical judgments in Experiment 2 will be more easily biased (i.e., they will differ across conditions) than will the continuous ratings in Experiment 1.
Attention and Speech Perception
Given the topic of this paper, we provide a brief review of published literature on the effect of attention on speech perception. This topic has been studied numerous ways. Some studies have examined the effect of divided attention on speech perception, while others have examined individuals' ability to selectively attend to a sound or a phonetic feature. One simple way attention has been studied has been to examine whether listeners can selectively attend to a position in a word when monitoring whether a sound occurred. Pitt and Samuel (1990) used this tactic and found that listeners were readily able to focus on a particular part of a word when monitoring for a phoneme, even when the phoneme-monitoring task was made especially difficult by paring it with a grammatical classification task.
Another way that attention in speech perception has been studied is by exploiting the fact that phonemic contrasts are often implemented via multiple acoustic and visual parameters. For example, the English voicing contrast in word-initial plosives is conveyed primarily through voice-onset time, but also through the f0 of the following vowel at onset and the intensity of the burst. Listeners' attention to different cues to the voicing contrast has been found to shift in conditions of divided attention (Gordon, Eberhardt, & Rueckl, 1993) . Listeners can actively direct their attention to different cues. For example, Francis, Kaganovich, and Driscoll-Huber (2008) found that listeners can be trained to attend to different cues to word-initial consonant voicing in English. Chandrasekaran, Yi, Smayda, and Maddox (2015) found that English-speaking listeners' attention could be drawn to different acoustic cues when learning Mandarin lexical tones. Idemaru and Holt (2014) showed that listeners' attention to different cues to word-initial voicing in English could be changed by varying the extent to which they correlated in a stimulus set.
Attention can also be modulated by social factors. Janson and Schulman (1983) found that Swedish listeners' perception of the /ae/-/ε/ distinction depended on whether or not they were primed to think that they were listening to a language variety in which the contrast was neutralized. That is, attention to phonetic variation could be modulated by introducing expectations about whether sounds should be the same or different. More recently, demonstrated that listeners' tendency to label children's fricative productions as /s/ or /θ/ in a speech-perception experiment depended on whether or not the word "lisp" was used in the instructions for the experiment. Stimuli that were labeled as /θ/ when the word "lisp" was not used in the instructions were more likely to be labeled as /s/ when the word "lisp" was used. This suggests that the ways that listeners map acoustic variation onto phonetic categories differs depending on their expectations about how the talkers speak. These results are broadly consistent with a host of studies showing that listeners calibrate their expectations about linguistic variation depending on presumed attributes about a speaker (i.e., Hay & Drager, 2010; Johnson, Strand, & D'Imperio, 1999; Munson, 2011) .
Gradiency in Speech Perception
Our study of bias gives us an opportunity to test an additional, ancillary hypothesis about the nature of continuous ratings of children's speech. Specifically, it allows us to examine possible reasons why listeners vary in the extent to which their responses are continuous when presented with a continuous rating scale. Continuous rating scales are only useful insomuch as they elicit a continuous response to continuously varying stimuli. That is, such scales are of limited utility if listeners' responses are clustered at the endpoints of the scale, or at a discrete and small number of locations on the continuous scale. Such response patterns simply replicate categorical systems like phonetic transcription.
Theoretically, listeners could vary completely from those who are completely continuous (i.e., listeners whose ratings are equally distributed along the scale) to those who are completely categorical (i.e., listeners whose ratings are limited to the two endpoints of the scale). Data presented by Schellinger, Munson, and Edwards (2016, this volume) , show that this is rarely the case. While some listeners' ratings clustered at a small number of locations on the continuous scale that Schellinger et al. used, most listeners' ratings were distributed along the scale in meaningful ways. However, listeners in that study did vary considerably in the extent to which their ratings were distributed across the visual analog scale used to elicit them. We will refer to the distribution of ratings along this scale as gradiency of response. Experiment 1 can test, indirectly, one hypothesis for why listeners differ in the overall gradiency of their response. Specifically, we can test the hypothesis that listeners vary in how continuously they rate children's speech production because they are attending to different types of information in the speech signal. Those who respond less gradiently are hypothesized to be attending to linguistic units (such as a phoneme, or an attribute of a speaker) that contrast with one another in a less-gradient manner, while those who respond more gradiently are hypothesized to be attending to linguistic units that contrast with one another in a more-gradient manner. Consider two contrasts among linguistic units in children's speech: the acoustic contrast between two vowels, and the difference in gender typicality between male and female children's voices. Children produce vowels correctly (as judged by adult native speaker transcription) relatively early in life. This suggests that the acoustic characteristics of pairs of vowels are well separated. Indeed, published data confirm this (Chung, Kong, Edwards, Weismer, Fourakis, & Hwang, 2012) . In contrast, the difference in perceived gender typicality of male and female children's voices is more poorly separated. Perry, Ohde, and Ashmead (2001) showed that average gender typicality ratings of 4-year-old boys' and girls' voices are statistically significantly different, a finding that was replicated by Munson and Baylis (2007) . However, in Munson and Baylis's data, there was considerable overlap in ratings for boys' and girls' voices. This is consistent with a host of other studies on gender typicality within biological sex, across the lifespan (Munson, 2007; Munson, Crocker, Pierrehumbert, Owen-Anderson, & Zucker, 2015) .
There has been little examination of systematic differences among listeners in how continuous or categorical their speech perception is. It is important to point out that the vast majority of speech perception experiments use methods that lend themselves to very different measures of gradiency from those shown in Figure 2 . Most speech perception experiments use continua of sounds that vary in a small number of acoustic parameters. Listeners label stimuli along those continua as one of two categories. Logistic regression analysis is used to predict judgments from step number along the continuum. When the stimuli are presented multiple times, listeners who are inconsistent in their judgments have identification functions that are shallower than listeners who are consistent. These shallow identification functions are sometimes described as less categorical. Using this method, it has been found that the extent to which phonetic identification is categorical increases with age. The degree of categoricity in children's speech perception increases over the first decade of life, and is not yet fully adult-like at age 10 (Hazan and Barrett, 2000) . Moreover, children with language-based communication problems are often observed to be less categorical than their typically developing peers (Manis et al., 1997; Rvachew & Jamieson, 1989) . These results suggest that highly categorical speech perception is an index of skill. This interpretation is also supported by some research on adult speech perception. Munson, Johnson, and Edwards (2012) found that highly trained speech-language pathologists perceive children's speech more categorically than do phonetically untrained listeners.
However, there is also evidence in the literature that more-gradient perception of the type shown in Figure 2 is associated with superior performance on some tasks. Kong and Edwards (2011) found that native English-speaking listeners whose perception of stop consonant voicing resembles the more-gradient listener in Figure 2 are better able to attend to a secondary cue to voicing (f0), than were listeners whose perception resembles the lessgradient listener. Kapnoula, McMurray, and Edwards (2015) found that more gradient listeners, relative to less gradient listeners, are better able to recover from transient misidentification of stop voicing in an eye-tracking task using the visual world paradigm. Simply put, there is no consensus in the research literature on the causes and consequences of gradiency in perception.
In Experiment 1of this paper, we examined whether we could induce listeners to rate children's speech more or less gradiently depending on whether their attention was drawn to a factor that was inherently more-gradient or inherently less-gradient. We predicted that judgments of /s/ and /θ/ would be more gradient when they were interleaved with judgments of the gender typicality of children's speech than when interleaved by judgments of the vowel the child produced. That is, we predicted that the other judgment with which we interleaved the fricative judgments would induce a more-gradient or less-gradient mode of perception of fricatives. We reinforced the inherent degree of contrast between vowel and gender typicality by always pairing the less-gradient contrast with a categorical judgment (in this case, paring the less-gradient vowel contrast with a task in which listeners chose which vowel the child produced from a set), and the more-gradient contrast with a continuous rating (in this case, paring the more-gradient gender contrast with a task in which listeners provided a continuous rating of the gender-typicality of children's voices). If we found that listeners' judgments were more gradient when interleaved with judgments of gender, then we could make recommendations concerning the best methods for making gradient judgments of children's speech. We might also speculate that more-gradient listeners in previous studies (like those in Schellinger et al., shown in Figure 2 ) were those who habitually attend to gradient information in speech.
Experiment 1: Continuous Ratings of Fricatives Methods
Participants-The participants for Experiment 1 were 19 adults (14 women, 5 men) aged 18 to 45. They were recruited via fliers and word-of-mouth in a large university community. Most were students or staff at the university. They all reported being native speakers of a North American variant of English (defined as acquiring English from birth from at least one parent who was a native speaker of a North American variety of English) with no past or current speech, language, or hearing impairment. They were compensated $10 for their participation.
Stimuli-Stimuli for this experiment were derived from 200 productions of /s/-and /θ/-initial words by 43 different 2-to 5-year-old children (21 girls, 22 boys). The stimuli were collected by having a sample of typically developing children produce words that begin with /s/ or /θ/. These were elicited in a picture-prompted auditory word repetition task, in which children viewed a picture on a computer screen while hearing an audio prompt of its name. Children were asked to repeat each audio prompt. The stimuli included both real words and nonwords, the latter being paired with novel objects. Nonwords were used to elicit a sufficient number of responses for target /θ/, which has a low type frequency in English. The stimuli were elicited in roughly five different vowel contexts: high-front, midfront, low-central, mid-back, and high-back. The data were collected as part of a crosslinguistic study of consonant acquisition in which these productions were compared to productions of children acquiring a variety of other languages (Edwards & Beckman, 2008) . Hence, the vowel contexts were chosen to be ones that would be as equivalent as possible across a variety of languages with different vowel systems, including the five-vowel systems of Greek and Japanese and the seven-vowel system of Korean. for /θ/. These were the same stimuli that have been used in a variety of previous studies and which are described in greater detail elsewhere (i.e., Schellinger et al., 2016 [this volume] ).
Six acoustic measures were taken for each stimulus. These were used both as predictors of listeners' responses in the experiment and to describe the stimuli beyond what is possible with transcription. Three of these were measures of the fricatives, two were measures of the vowels, and one compared the fricative to the vowel. The first two measures were the first (M1, sometimes referred to as Centroid Frequency) and second (M2) spectral moments of a 40 ms interval of frication noise centered at the fricative midpoint. The first spectral moment is important for distinguishing /s/ from /ʃ/ in the productions of normal adults, and the second spectral moment is important for distinguishing /s/ from /θ/. The third measure was the duration of the fricative. This measure was included because we observed that the stimuli transcribed as [θ] were shorter than those transcribed as [s] . The next two measures were of the vocalic portion of the stimuli. The first of these was the second formant frequency of the vowel at its onset. As shown by Li, Edwards, and Beckman (2009) and Li et al. (2011) , this measure distinguishes between children's productions of /s/ and /ʃ/, and predicts adults' judgments of how /s/-or /ʃ/-like a fricative is. The next measure was of the f0 of the following vowel at midpoint. This measure was included because previous research has shown that the f0 of a vowel in a fricative-vowel sequence influences whether listeners judge the fricative as /s/ or /θ/ (Munson & Coyne, 2010) . The final measure was the difference in intensity between the fricative and the following vowel. This measure was included because previous research has shown that /θ/ is less intense than /s/ (e.g., Jongman et al., 2000) . The methods for annotating the productions and extracting the acoustic measures were identical to previous studies of the παιδολογος corpus, as described in Li, Beckman, and Edwards (2009) and Li (2012) . Readers should note that the onset F2 values were hand measured, and that the f0 was estimated using the pitch track filter in Praat (Boersma, 2001 ). Outliers were hand-measured.
A summary of the acoustic measures is given in Table 1 Procedure-Each participant was tested individually in a sound-proof booth, seated in front of a computer monitor. Each of the 200 CV stimuli was played over headphones in random order using E-Prime software (Schneider, Eschmann, & Zuccolotto, 2002) . The design of this experiment is shown schematically in Figure 3 . There were two blocks of the experiment. In both blocks, listeners were informed that they would hear consonant-vowel syllables taken from words that were supposed to start with "s" or "th." Instructions gave examples of words beginning with /θ/ to cue listeners that they were to listen for /θ/ rather than /ð/. In one block of the experiment (labeled the Vowel Block in Figure 3 ), listeners were told that on a given trial, they would either rate the goodness of the consonant, or judge the vowel category that the child produced. For the consonant-goodness trials, the listeners were asked to rate the consonant in each CV syllable using a visual analog scale (shown in the top panel of Figure 4 ) that was presented on the computer monitor. Listeners were explicitly instructed to click the location along the line that corresponded with the percept of proximity to "s" or "th", and were encouraged to use the entire line. For the vowel-category trials, the listeners were told to identify the vowel that the child produced from a set of five possible vowels (shown in the bottom panel of Figure 3 ): "ee" (corresponding to /i/), "ey" (/eɪ/), "aa" (/ɑ/), "oh" (/oʊ/), or "oo" (/u/). The instructions included keywords that contained these vowels. The orthographic representations chosen were those most frequently provided by a group of undergraduate students who were asked to give a two-letter spelling of these five vowels. Listeners responded in the vowel-category trials by pressing one of five keys on a computer keyboard.
In the other block of the experiment (referred to as the Gender Block in Figure 3 ), listeners were told that on a given trial, they would either rate the goodness of the consonant, or rate the gender typicality of the child's voice. The consonant-goodness trials employed the same method as described above. In the gender-typicality trials, listeners were presented with a visual-analog scale (shown in the middle panel of Figure 4 ) that was presented on the computer monitor. They were explicitly instructed to click the location along the line that corresponded to their judgment of how boy-like or girl-like the child sounded. They were encouraged to use the entire line. In both blocks, listeners did not know which rating they would be providing (consonant goodness, vowel category, gender typicality) until after the stimulus had finished playing. This was done to prevent participants from calibrating their attention to the stimulus based on what they would be rating.
The 200 stimuli were divided into two groups of 100 stimuli. The groups of stimuli were balanced to include the same distribution of talkers, transcribed consonants, and vowel targets. In each block, 100 stimuli were used for consonant-goodness ratings and the other 100 were used for the other rating, either vowel category or gender typicality. Across the entire experiment, consonant-goodness ratings were provided for all 200 stimuli (i.e., the 100 stimuli used for vowel-category judgments in the vowel block were used for consonantgoodness judgments in the gender block). Within each block, the order of stimuli was fully randomized. The order of blocks was randomized across subjects.
Data Analysis-The click location for each stimulus trial was analyzed in terms of the number of pixels along the x-dimension of the visual analog scale. The left end of the VAS line (corresponding to "the 's' sound") was denoted as the zero point and the right end of the VAS line corresponded with 535 pixels. Any clicks that fell off the line in the horizontal dimension were assigned these minimum and maximum values (i.e., clicks left of the line were assigned "0" and clicks right of the line were assigned 535). All responses that were more than +/− 25 pixels from the line in the y-dimension were excluded from the analysis.
For ease of interpretation, click locations for each trial were transformed to a measure indicating their location in terms of the proportion of the line. The click location for each trial was divided by the maximum value of 535, resulting in click location values that ranged from zero to one. These were then inverted, so that click locations closer to zero correspond with percepts more like "the 'th' sound" and click locations closer to one correspond with percepts of more like "the 's' sound". The inversion was done so that the ratings in this paper would be comparable to the ratings in previous reports of listeners' perception of these stimuli, in which the ratings were inverted for reasons not directly relevant to this paper. A click location of 0.5 indicates that the listener perceived the sound as completely intermediate between /s/ and /θ/.
Results
Prior to conducting analyses of the fricative ratings, the gender typicality ratings were analyzed qualitatively. In particular, we assessed whether the gender-typicality ratings utilized the entire visual analog scale. A finding that the ratings were clustered at the endpoints of the scale would indicate that listeners were treating this task like a binary rating task. The distribution of ratings for individual listeners is shown in Figure 6 . As this figure shows, the ratings were indeed distributed across the entire scale. No listener had a bimodal distribution of ratings. Hence, we can be confident that the gender rating task indeed elicited a continuous rating.
Predictors of Individual Listeners' VAS ratings-In the first analysis, a series of linear mixed-effects models was built to examine whether listeners gave different average ratings to the sounds in the different transcription categories, and whether the effect of stimulus acoustics on ratings differed systematically across conditions. These analyses addressed our primary research question concerning whether ratings of /s/ and /θ/ were different in the vowel and gender blocks, i.e., whether they were biased by condition. The dependent measure was the VAS rating. The package lme4 (Bates, Mächler, Bolker, & Walker, 2014) in the R statistical environment was used. To assess statistical significance of effects within models, the lmerTest package was used (Kuznetskova, Brockhoff, & Christensen, 2015) . To assess the significance of a factor in a model, we assessed whether the model with the factor had a better fit than a model without that factor. Following the suggestion of Barr, Levy, Scheepers, and Tily (2013), we included all logically possible random slopes for each new fixed effect that we added.
In the first set of analyses, we began by building a base model that contained only an overall intercept and random intercepts for stimuli and listeners. A model that included a factor for transcription category (with all six levels) improved the fit of this model, χ 2 [df=5] = 255.36, p < 0.001. This model was re-run using all possible reference levels for the factor, so that we could examine whether all pairwise differences among levels were significantly different. These analyses confirmed that the ratings for each of the transcription categories were indeed different from all of the others. Adding a binary term dummy-coding condition (using contrast coding) did not improve model fit, either alone or in an interaction with the transcription category factor, χ 2 [df=6] = 7.53, p = 0.28. That is, there was no effect of condition (gender block vs. vowel block) on VAS ratings.
The next set of analyses examined the effect of acoustic characteristics on ratings. It began with the same base model. The second model included predictors for all six acoustic measures described in Table 2 . These were z-transformed for the analysis. Adding these predictors improved the fit of the model significantly χ 2 [df=6] = 103.11, p < 0.001. Adding a predictor contrast-coding condition, either alone or in interaction with any of the acoustic measures, did not improve model fit, χ 2 [df=76] = 6.78, p = 0.45. The result of the less complex model is shown in Table 4 . As this table shows, all acoustic measures except onset F2 were significant predictors of listeners' ratings.
Individual Listener VAS Response Patterns-The next set of analyses examined the shape of individual listeners' response distributions. These analyses address our ancillary research question of whether gradiency of response differs as a function of condition, and whether responses are more gradient in the gender block than in the vowel block. Only the consonant-goodness trials were examined. We examined whether these differed as a function of the block in which the ratings were made. Our first analysis examined the extent to which listeners in the consonant-goodness task used the entire line (like the more-gradient listener in Figure 2 ), or whether their ratings clustered at discreet locations along the line (like the less-gradient listener in Figure 2 ). Specifically, we examined the extent to which individual listeners' ratings differentiated among the six transcription categories described earlier: [ for /θ/. We reasoned that more-gradient listeners will have more homogeneous subsets of ratings in their data. This analysis was used previously to study gradiency of response by Schellinger et al. (2016, this volume) .
The number of homogeneous subsets for the gender block was either 1 (3/19 listeners), 2 (8/19 listeners), 3 (6/19), or 4 (2/19). The number of homogeneous subsets for the vowel block was either 1 (4/19 listeners), 2 (7/19 listeners), 3 (4/19), or 4 (4/19). The specific subsets that were generated for each listener differed; however, no listener had a homogeneous subset comprising two non-adjacent transcription categories in the order The second analysis used mixture models to analyze the shape of individual listeners' response distributions. Mixture models are a class of analyses that decompose complex, multimodal distributions into component, unimodal distributions. Each component distribution's mean and variance is provided, along with the percentage of ratings that are comprised by that component distribution. This analysis is based solely on the shape of the distribution of ratings. It does not consider any of the acoustic or perceptual characteristics of the stimuli. The mixture modeling reported in this paper used the densitymclust function from the R package mclust (Fraley & Referty, 2002) . The algorithm uses an optimization procedure to determine the number of underlying distributions comprising a target distribution. Our analysis specified the shape of the distributions to be Gaussian. Given that the densitymclust algorithm is somewhat anticonservative, we wanted to restrict the number of underlying distributions. Hence, we specified the maximum number of distributions to be 8. We reasoned that more-gradient listeners would have more component distributions of ratings. This analysis was used previously to study gradiency of response by Schellinger et al. (2016, this volume) .
In the gender block, the number of distributions was either 2 (10/19), 3 (4/19), 4 (1/19), 5 (3/19), or 8 (1/19). The number of distributions in the vowel block was either 1 (1/19), 2 (7/19), 3 (6/19), 4 (2/19), or 5 (3/19). An illustration of the outcome of the mixture modeling procedure is shown in the bottom row of Figure 5 . The response distribution for the listener on the left was decomposed into three component distributions, with mean click locations of 0.034, 0.200, and 0.664, variances of 0.0004, 0.0072, and 0.0253, and which comprised 13%, 45% and 42% of the distribution, respectively. The response distribution for the listener on the right was decomposed into five distributions, with mean click locations of 0.003, 0.097, 0.280, 0.663, and 0.953, variances of 0.0001, 0.0016 0.0112, 0.0162, and 0.0002, and which comprised 8%, 23%, 30%, 34%, and 5% of the distribution, respectively.
The number of component response distributions for each subject's responses in the vowel and gender blocks was compared using a Wilcoxon signed ranks test. The test was not significant, z = −0.229, p = 0.82. Hence, there was again no evidence that the gradiency of response differed as a function of condition.
Discussion
The results of this experiment suggest that continuous ratings of consonant goodness are relatively impervious to biasing, at least of the type introduced in this experiment. The average ratings given to different categories were statistically equivalent in these two conditions, and the weighting given to different acoustic measures was similar across these two conditions. Moreover, the shape of response distributions did not differ systematically between a condition in which listeners were biased to respond more-gradiently (by attending to a more-continuous variable, gender typicality, and rating it using a continuous rating scale), and one in which they were biased to respond less-gradiently (by attending to a morecategorical variable, vowel category, and rating it using a categorical judgment).
One interpretation of the negative findings of this experiment is that reliable, valid continuous ratings of children's speech can be made on a variety of tasks, including ones in which attention is divided between ratings of accuracy and ratings of a variety of different parameters of children's speech. This would be a very desirable outcome, as assessments of children's speech are made in a variety of settings, and are often made as part of assessments of other characteristics of speech. To examine this possibility further, we conducted a second experiment using the same biasing method, but instead looking at binary judgments of fricative place of articulation. If biasing is found in a binary judgment experiment, then this strengthens our argument for the use of continuous rating scales. Moreover, a finding of biasing in that experiment would allay any concern that the novel, previously untested method we used in Experiment 1 was not effective at inducing bias in speech perception overall.
Experiment 2: Binary Ratings
Methods Participants-The participants for Experiment 2 were 21 adults aged 18 to 45 (16 women, 5 men). They were recruited via fliers and word-of-mouth in a large university community. Most were students or staff at the university. They all reported being native speakers of a North American variety of English (defined as acquiring English from birth from at least one parent who was a native speaker of a North American variety of English) with no past or current speech, language, or hearing impairment. They were compensated $10 for their participation.
Stimuli-The stimuli were the same as those for Experiment 1.
Procedures-The procedures were the same as those for Experiment 1, with one exception. Rather than clicking on a continuous rating scale to judge the fricatives, listeners clicked on one of two boxes on a screen, marked either "the 's' sound" or "the 'th' sound." The choice to have listeners click on a box rather than using the keyboard was so that the two experiments would be as similar as possible in the devices that they used. That is, if Experiment 2 elicited readings via the keyboard, then any differences between Experiments 1 and 2 might be attributable to the devices being used rather than to different cognitive processes. The experiment was designed so that the listener had to click within the box to proceed to the next trial. This ensured that there would be no lost trials.
Data Analysis-The location that the listener clicked on the screen was converted into a binary judgment, depending on whether they clicked on the box labeled "the 's' sound" or "the 'th' sound."
Results
As in Experiment 1, we examined qualitatively whether the gender-typicality ratings were continuous prior to conducting any further analyses. The distribution of ratings for individual listeners is shown in Figure 7 . As this figure shows, the ratings were indeed distributed across the entire scale. No listener had a bimodal distribution of ratings. Hence, we can be confident that the gender rating task indeed elicited a continuous rating, as was the case in Experiment 1.
Our next analyses focused on whether the fricative judgments differed systematically as a function of the condition in which they were made. A series of logit mixed-effects models examined whether condition affected performance. Logit models were used because the outcome in Experiment 2 was binary, i.e., whether the listener judged the sound to be /s/ or / θ/. The same procedures for model fitting were used as in Experiment 1. As with Experiment 1, the first model examined whether condition interacted with transcription category. Here, a model including a six-level factor for transcription category fitted the data significantly better than a baseline model with only random intercept (χ 2 [df=26] = 3095.2, p < 0.001). However, a model that included a term for condition did not improve model fit beyond that, either alone or in an interaction with the transcription category factor (χ 2 [df=6] = 6.91, p = 0.33). The best-fitting model was re-run with each level of the transcription factor variable serving as the reference level. This served as a post-hoc test to assess whether all pairwise differences between transcription categories were significantly different. This series of models showed that the binary judgments differed significantly across all six transcription categories. The results of this analysis suggest that the distribution of binary judgments among the six transcription categories did not differ as a function of condition.
The next set of models examined whether condition interacted with acoustic predictors. As in the analyses for Experiment 1, the acoustic measures were z-transformed before being added to the model. The model with acoustic predictors in it fit the data better than the model without (χ 2 [df=12] = 2398, p < 0.001). The next model included an interaction between condition (coded with contrast coding) and each of the acoustic predictors. This model fit the data significantly better than the model without condition (χ 2 [df=7] = 20.33, p = 0.005). The outcome of this model is shown in Table 3 , which displays only those factors and interactions that were significant in the model. As this table shows, condition interacted significantly with two acoustic predictors, M1 (i.e., centroid frequency) and the f0 of the vowel at midpoint. These interactions are shown in Figures 8 and 9 , which plot the functions relating these two predictors to judgments in the two conditions. Figure 8 shows the interaction between M1 and condition. It shows that fricative judgments were more strongly affected by M1 in the gender condition than in the vowel condition. This might be due to listeners strongly attending to M1 as a cue to gender typicality in children's speech in the gender block. This is consistent with previous research showing that listeners use fricative M1 as a cue to the gender typicality of children's voices (Munson et al., 2015) . Figure 9 shows that the interaction between condition and midpoint f0 occurred because there was a qualitatively different influence of f0 on fricative judgments in the two conditions. In the vowel block, higher vowel f0 was associated with more /θ/ judgments. This is consistent with the findings of Munson and Coyne (2010) . In the gender block, the relationship was the opposite. Separate models were run for responses in the two conditions. These confirmed that the influence of midpoint f0 on responses was significant in both models. However, the effect was much stronger in the gender block than in the vowel block. The reason for the asymmetry in the direction of the effect is unclear. However, there is a plausible explanation for the difference in the strength of the relationships. In the gender block, listeners may have attended more to vowel f0 than they did in the vowel block because they were using f0 as a cue to the gender typicality of children's speech. This, too, is consistent with previous research (Munson et al., 2015) .
The results thus far suggest that condition biased the binary responses in Experiment 2 (though only in the analysis of acoustic predictors of ratings), but not the continuous judgments in Experiment 1. However, there is the possibility that the difference between Experiments 1 and 2 was not in the biasing per se, but in the models used to fit the data. The models used to examine the data in Experiment 1 were linear models, as the fricative ratings were continuous.
The models used to examine data in Experiment 2 were logistic models, as the fricative judgments were binary. To examine the possibility that the differences between the experiments were due purely to statistical techniques, we reanalyzed the data from Experiment 1 using a logistic model. Given that logistic models are only appropriate for binary data, we transformed the continuous ratings from Experiment 1 to binary judgments, based on whether the ratings were made on the /s/ or /θ/ side of the continuous rating scale. These binary judgments were the dependent measures in a series of models in which the acoustic variables were predictors. The same iterative model-building procedure described above was used. The model with acoustic predictors improved on the base model (χ 2 [df=12] = 1298.6, p < 0.001). However, adding an interaction with condition did not improve this model (χ 2 [df=7] = 4.01, p = 0.78). The coefficients for the best-fitting model are shown in Table 4 . This shows a pattern of significance that mirrors that from Experiment 1: all of the acoustic measures except onset F2 frequency predict judgments.
Discussion
The results of Experiment 2 indicated that judgments of whether a sound is /s/ or /θ/ could be biased by whether these judgments were interleaved with judgments of the vowel that the child produced, or ratings of the gender typicality of the child's voice. Specifically, the conditions induced listeners to weight acoustic characteristics of stimuli differently. This finding stands in contrast to Experiment 1, in which condition did not influence continuous judgments of how /s/-or /θ/-like a sound is. This finding is important for two reasons. The first reason is that it demonstrates that the lack of an effect in Experiment 1 was not due to the experimental manipulation of interleaving judgments of fricatives with judgments of vowels or gender being ineffective at changing individuals' judgments of fricatives. Rather, it suggests that this manipulation can affect the perception of fricatives, but only when those responses are binary judgments, and not when they are continuous ratings. Moreover, the effect is only seen in analyses of the weighting given to different acoustic parameters when making binary judgments. The specific cognitive mechanism that explains the differences in biasing across the two tasks is outside the scope of this investigation. However, from a purely descriptive standpoint it suggests that the biasing happens not in the encoding of acoustic variation, but in the stage of processing in which acoustic variation is weighted to make a categorization decision. The lack of an effect of condition on weighting in Experiment 1 may be because the task did not require phonemic categorization.
General Discussion
The two experiments in this paper examined the susceptibility of judgments of children's speech to different types of biasing. The specific types of biasing that were examined were ones that we thought would be encountered in real-world assessments of children's speech. In real-world assessments, individuals often make judgments of different aspects of children's speech concurrently or in sequence. For example, clinicians may be transcribing multiple consonants as correct or incorrect at the same time that they are assessing voice quality. Across the two experiments, our results suggest that continuous ratings are less susceptible to bias than categorical ones are. The results of this investigation provide evidence-based recommendations for the use of continuous rating scales in assessing children's speech. An ancillary purpose was to examine whether differences in the gradiency of response differed as a function of the attentional demands of the task. The results of Experiment 1 did not help us understand why individuals vary in the extent to which their continuous ratings of children's speech are fully gradient. While there were measurable differences in the degree to which individual responses were continuous in Experiment 1, these did not vary systematically between conditions. Our search for predictors of individual differences in the gradiency of response is, therefore, ongoing. One promising set of measures has emerged from work by Kong and Edwards (2011) and Kapnoula et al. (2015) . Findings in those studies suggest that these individual differences in gradiency of response are accompanied by differences in how much listeners attend to a secondary cue (such as f0 in the case of differentiating the stop voicing contrast), and these individual differences may also be related to differences in cognitive control.
This study had several limitations. One of these is the general paucity of research on effective methods for manipulating attention during speech perception. Without such a literature, it is unclear whether the results of this study will generalize to other conditions of divided or focused attention. A second of these is the lack of a measure of inter-rater reliability. Unlike in previous research (i.e., Schellinger et al., 2016), we did not measure intra-rater reliability. Our motivation was to control the length of the experiment. However, intra-rater reliability may have differed across conditions. These weaknesses aside, the results of the studies in this paper provide further evidence that continuous rating scales are useful auditory-perceptual measures for the assessment of covert contrast. An illustration of covert contrast in VOT, adapted from Macken and Barton (1980) Two listeners' performance on a continuous-rating scale task, chosen to illustrate a lessgradient listener (top) and a more-gradient listener (bottom) Response displays used in Experiment 1. Top panel: display used to elicit fricative ratings. Middle panel: display used to elicit gender-typicality ratings. Bottom panel: display used to elicit vowel judgments. Logistic functions for Experiment 2, predicting fricative judgments from vowel f0, separated by condition. Munson et al. Page 29 (52) 80 (26) 128 (40) 132 (49) 138 (56) 94 ( Table 2 Linear mixed-effects model predicting continuous ratings of fricative goodness in Experiment 1 from selected acoustic measures of the stimuli. Clin Linguist Phon. Author manuscript; available in PMC 2017 January 01.
Table 3
Logit mixed-effects model predicting categorical judgments of fricative type in Experiment 2 from selected acoustic characteristics of the stimuli, and from condition (i.e,. whether they were made in the vowel block or the gender block). Table 4 Logit mixed-effects model predicting categorical judgments of fricative type in Experiment 1 (derived by converting the continuous ratings into categorical ones) from selected acoustic characteristics of the stimuli. All predictor variables were z-transformed prior to analysis. 
